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$EVWUDFW

[i vitsvx xli e~mqyxlep erkypev hitirhirgi sj exqswtlivmg qysrw ex wie pizip2 Xliwi qysrw evi
wipigxih mr xli glevki wmkr0 xli ps{ qsqirxyq vikmsr fix{iir 629 erh 64 KiZ3g0 erh xli ~irmxl
erkypev vikmsr 9p0 64p0 84p2 Xli �y|iw sj tswmxmzi erh rikexmzi qysrw evi e�igxih f} kisqekrixmg

i�igx mrgpyhmrk xli iewx1{iwx i�igx erh wxvsrkp} vipexih xs jsyv x}tiw sj xli exqswtlivmg riyxvmrs

�y|iw0 �x0 ��x0 �H erh ��H viwtigxmzip}2

� ,QWURGXFWLRQ�

Wmkrm�gerx hm�ivirgi sj riyxvmrs �y|iw fix{iir wsqi yrhivkvsyrh i|tivmqirxw viwypxw,Lmvexe ix

ep20 5=<<0 Figoiv1W~irh} ix ep20 5==60 Jyoyhe ix ep205==<- erh gepgypexmsrw,Lsrhe ix ep20 5==90 Kemwwiv
ix ep20 5=<<05=<=0 Pii * Osl0 5==4- leh fiir vitsvxih erh xlmw hm�ivirgi mw gsrwmhivih xli tswwmfmpmx}

sj riyxvmrs swgmppexmsrw2 Qsvi hixempih gepgypexmsrw sj exqswtlivmg riyxvmrs gepgypexmsrw lezi fiir
hiqerhih2 Ls{iziv0 Lsrhe ix ep2,5==9- tsmrx syx xlex sri sj xli hm�gypxmiw mr xli gepgypexmsr sj

exqswtlivmg riyxvmrs �y|iw mr xli ps{ irivk} mw geywih f} xli kisqekrixmg i�igxw2 Exqswtlivmg
riyxvmrs mr vipexmsr xs xli kisqekrixmg �iph evi ipygmhexi xs qiewyvi xli exqswtlivmg qysrw mr

zevmsyw e~mqyxlep erkpiw2 Xliwi qiewyviqirxw tvszmhi xli mqtsvxerx mrjsvqexmsr sj xli gepgypexmsr
sj exqswtlivmg riyxvmrs �y|iw2 Xli qiewyviqirxw sj iegl glevki qysr �y|iw ger epws higmhi iegl
riyxvmrs �y|iw0 �x0 ��x0 �H erh ��H2

Xli Epxe~mqyxlep Gsyrxiv Xipiwgsti {mxl e Qekrix Wtigxvsqixiv0 xli SOE]EQE gswqmg1ve}
xipiwgsti,psgexih ex epxmxyhi 78p8526+0 psrkmxyhi 577p9928+-,]eqewlmxe ix ep20 5==:- mw wymxefpi jsv xli

qiewyviqirx sj e~mqyxlep erkypev hitirhirgi sj qysr �y|iw ex wie pizip0 jsv ri|x viewsrw2
5-2 Mx qsziw f} e wivzsqsxsv qiglermwq xlyw epps{mrk er} e~mqyxlep erh ~irmxl erkpiw xs fi ywih2

6-2 Mx qiewyviw xli mrgsqmrk hmvigxmsrw0 xli qsqirxyq erh xli glevki wmkr sj mrgmhirx gswqmg1ve}
qysr2

[i vitsvx xli viwypxw sj hm�ivirxmep tswmxmzi erh rikexmzi qysr �y|iw mr iegl 89p e~mqyxlep erkpi
erh mr xli ~irmxl erkpi sj 9p0 64p0 84p0 mr xli qsqirxyq verki jvsq 629 KiZ3g xs 6424 KiZ3g2

[i epws vitsvx xli tvipmqmrev} gepgypexmsr sj xli qmrmqyq qsqirxyq {mxl {lmgl qysr ger evvmzi
ex xli ievxl jsv i|eqmrexmsr sj syv viwypxw2

� 5HVXOWV�

Xli SOE]EQE gswqmg1ve} xipiwgsti lew fiir mr stivexmsr jsv wsqi xmqi erh hexe jsv xli

erep}wiw sj xli e~mqyxlep erkypev hitirhirgi sj qysrw ex ~irmxl erkpiw sj 9p� 9p0 64p� 9p erh

84p� 9p{ew eggyqypexih mr xli sfwivzexmsr tivmsh jvsq 7 Nyri 5==; xs 56 Qe} 5==<2 Xli i�igxmzi

sfwivzexmsr xmqiw evi 8777 l mr xli e~mqyxl qiewyviqirxw2 Xli xsxep ryqfiv sj izirxw mw <980;762
Xli qsqirxyq vikmsr mw fix{iir 629 KiZ3g xs 64 KiZ3g2

Xli hm�ivirxmep tswmxmzi erh rikexmzi qysr �y|iw mr iegl 89p e~mqyxlep erkpi ex 9p0 64p erh
84p ~irmxl erkpiw0 mr xli Soe}eqe Yrmzivwmx},epxmxyhi 78p8526+0 psrkmxyhi 577p9928+- evi wls{r mr

Jmkyvi 50 6 erh 7 viwtigxmzip}2 Xli qsqirxyq verkiw sj iegl pmri wls{ 6><6 � 4>770 7>99 � 4>850
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Jmkyvi 5> Xli e~mqyxlep erkypev hitirhirgi sj xli efwspyxi hm�ivirxmep qysr �y|iw mr xli ~irmxl

erkpi sj 9p jsv iegl qsqirxyq0 62<60 72990 828;0 ;24< erh 58256 KiZ3g2

� �� �� � �� �
�

� ��

� ��

� ��

� ��

�� ��>× ��
��

@

 µ
+

qqqq

6 : 1 (

0
X
R
Q

IO
X
[

>F
P�
�
V
U�
�
V
�
�
�*

H
9

�F
��
�
@

$ ]LP X WK

� �� � * H9 �F

� �� �

� �� �

� �� �

� � �� �

� �� �� � �� �

 µ
−

qqqq

6 : 1 (

= HQL WK $ QJ OH �� q

� �� � * H9 �F

� �� �

� �� �

� �� �

� � �� �

Jmkyvi 6> Xli e~mqyxlep erkypev hitirhirgi sj xli efwspyxi hm�ivirxmep qysr �y|iw mr xli ~irmxl

erkpi sj 64p2
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Jmkyvi 7> Xli e~mqyxlep erkypev hitirhirgi sj xli efwspyxi hm�ivirxmep qysr �y|iw mr xli ~irmxl

erkpi sj 84p2



8>8; � 4>960 ;>4<� 6>94 erh 58>56 � 9>44 KiZ3g2 Xli ivvsv fevw wls{ xli wxexmwxmgep ivvsvw srp}2
Xli vihygxmsr sj tswmxmzi erh rikexmzi qysr �y|iw mr xli ~irmxl erkpi 64p erh 84p mr xli e~mqyxlep

erkpi riev 6;4p0 mr xli ps{ qsqirxyq vikmsr mw xlsyklx xs fi geywih f} xli kisqekrixmg i�igx sj

tvmqev} tvsxsrw2

� 7KH PLQLPXP PRPHQWXP RI DWPRVSKHULF PXRQV WR DUULYH DW WKH

HDUWK�
Syv viwypxw evi i|eqmrih f} xli gsqtevmwsr {mxl xli gepgypexmsrw2 Jmvwx0 {i mrziwxmkexih xli

kisqekrixmg �iph i�igx2 Ps{ irivk} exqswtlivmg qysrw evi qemrp} tvshygih jspps{mrk viegxmsrw0

�
h
% �

h
/ �x, ��x- ,5-

�
h
% i

h
/�H,��H- / ��x,�x-> ,6-

Erh � mw tvshygih f} tvmqev} tvsxsr jspps{mrk iuyexmsrw0

T / T,R- % T / T,R- /�� / �b / ��>>>>>>>>>>>>>>>>>>> ,7-

Xliwi tevxmgpiw evi e�igxih f} xli kisqekrixmg �iph2 Xli kisqekrixmg �iph hixivqmriw xli qmrmqyq

qsqirxyq {mxl {lmgl e gswqmg ve} ger evvmzi ex xli ievxl2 Xli qmrmqyq qsqirxyq tiv rygpisr
mw hi�rih ew dgyxs� vmkmhmx}&2 Ls{iziv xli gyxxs� vmkmhmx} ,Atvmqev} tvsxsr qsqirxyq- hswi rsx

gsrgivr xli qmrmqyq qysr qsqirxyq hmvigxp}0 wmrgi xli irivk} psww mr xli exqswtlivi i|mwxw2 [i
pmqmx xli viegxmsr sj e tvmqev} tvsxsr xs jspps{mrk iuyexmsrw wmrgi xli irivk} sj e tvmqev} tvsxsr mr
vipexmsr xs e �1sr mw xli wqeppiwx erh xli tvsxsr mw xli qswx e�igxih f} xli kisqekrixmg i�igxw2

T / T % T / R/ �� ,8-

T / R % T / T/�b ,9-

[i gepgypexi xli qysr qmrmqyq qsqirxyq xs peyrgl e xiwx qysr tevxmgpi {mxl e kmzir qsqirxyq
jvsq syv psgexmsr,epxmxyhi 78p8526+0 psrkmxyhi 577p9928+-2 Xli kisqekrixmg �iph mw gepgypexih ywmrk

xli vitsvx MEKE Hmzmwmsr Z [svomrk Kvsyt <,5==9-2 Xli xiwx tevxmgpi evi peyrglih kmzmrk irivk}
psww xlvsykl xli exqswtlivmg erh glerkmrk qsqirxyq hitirhih sr xli kisqekrixmg �iph2 Ex xli

hmwxergi riev xli xvststeywi {livi xli exqswtlivmg hitxl mw 544 k3gq�0 xiwx tevxmgpi xverwpexi jvsq

e qysr xs e erxmtvsxsr2 [lir xli xiwx tevxmgpi viegliw e hmwxergi sj 54 xmqiw xli Ievxl+w vehmyw0 xli

xiwx tevxmgpi mw ewwyqiw xs iwgeti jvsq xli kisqekrixmg �iph erh {i hi�ri xli �vwx kmzir qsqirxyq

ew xli qmrmqyq qsqirxyq2 Xli qmrmqyq qsqirxyq sj exqswtlivmg tswmxmzi erh rikexmzi qysrw

ex xli ~irmxl erkpi 84p evi wls{r xli wspmh pmriw mr Jmkyvi 8 erh 92 Xli hewlih pmriw wls{ xli tvsxsr
qsqirxe xverwpexih jvsq xiwx qysr qsqirxe ex xli exqswtlivmg hitxl 544 k3gq�2

Ex e~mqyxlep erkpi 6;4p erh ~irmxl erkpi 84p0 xli qysr qsqirxe xs evvmzi ex xli ievxl evi
riihih 724 KiZ3g mr xli gewi sj ��0 62< KiZ3g mr xli gewi sj �b 0 yrhiv xli gsrhmxmsr sj viegxmsr

,8- erh ,9-2 Xliwi qsqirxyq pmqmxw vihygi xli qysr �y|iw mr xli ps{ qsqirxyq vikmsr2 Xliwi
gepgypexmsr viwypxw evi gsrwmwxirx {mxl xli xirhirg} sj syv i|tivmqirxep viwypxw2

[i evi ksmrk xs tvsgiih xli gepgypexmsrw efsyx xli exqswtlivmg qysrw2

5HIHUHQFHV

Fevv0 K20 Kemwwiv0 X2 O2 * Wxeriz0 X2 5=<=0 Tl}w2 Viz2 H 7=0 7976

Figoiv1W~irh}0 V2 ix ep20 5==6 Tl}w2 Viz2 H 8:0 7;64

Fykeiz0 I2 Z2 * Reyqsz0 Z2 E2 5=<=0 Tl}w2 Pixx2 F 6760 7=5

Jyoyhe0 ]2 ix ep20 5==<0 Tl}w2 Viz2pixx2 <50 59:6
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Jmkyvi 8> Xli qmrmqyq qsqirxyq sj tvsxsr erh �� xs evvmzi ex xli ievxl2

Wspmh pmri> Xli qmrmqyq qsqirxyq sj ��2 Hewlih pmri> Xli qmrmqyq qsqirxyq sj tvsxsr2
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Jmkyvi 9> Xli qmrmqyq qsqirxyq sj tvsxsr erh �b xs evvmzi ex xli ievxl2

Wspmh pmri> Xli qmrmqyq qsqirxyq sj �b2 Hewlih pmri> Xli qmrmqyq qsqirxyq sj tvsxsr2

Kemwwiv0 X2 O20 Wxeriz0 X2 * Fevv0 F2 5=<<0 Tl}w2 Viz2 H 7<0 <9

Lmvexe0 O2 W2 ix ep20 5=<<0 Tl}w2 pixx2 F 6490 85:

Lsrhe0 Q2 ix ep20 5==90 Tl}w2 Viz2 H 960 8=<9

MEKE Hmzmhmsr Z0 [svomrk Kvsyt <0 Mrxivrexmsrep Kisqekrixmg Jmiph0 5==90 Vizmwmsr0

N2Kisqek2Kisipigxv2 8;0 569;

Pii0 L2 * Osl0 ]2 5==40 Ryszs Gmqirxs F 5490 <<8

]eqewlmxe0 ]2 ix ep20 5==:0 Rygp2Mrwxv2 Qixl2 E 7;80 689


